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Effect of Sodium Carbonate and Other Sodium
Salts om Clay Mimnerals and the Clay Fraction
of Soils

L. GEREI
National Institute for Agricultural Quality Testing, Budapest, Hungary

In the course of alkali soil formation the micro-minerals present in the
soil decompose or get transformed under the influence of soda and/or other
sodium salts. These salts diminish soil fertility in two ways, viz.: first: they
exert a detrimental effect on plant growth (in such cases the gso-called “*solonchak-
formation” is decisive), and second: they bring about unfavourable changes
in the physical properties of soils, for example soda and other sodium salts
affect soil colloids. The consequence is the reduction of the adsorption capacity
as well as that of the water and nutrient storage power of the soil. This is called
the “solonetz-type” alkalization or, should the destruction of clay minerals
in the upper soil horizon lead to the accumulation of silica, the ‘soloth”-
forming process. There is also, the question of whether the sesquioxides,
migrating in the soil, should be considered as indicators of the alkalization
process.

Thus, theorctical as well as practical aspects of soil alkalization point
toward the high importance of studies concerning changes, transformation
and/or decomposition of micro-minerals, in order to elucidate the nature of
the pedological processes involved, and to understand the reasons for decreased
fertility in such soils.

Experimental

In order to get a better understanding of the processes mentioned,
3 clay minerals belonging to different types and theclay (less than 0.001 mm)
from the A-lhorizon of a strongly solonized meadow soil were subjected to
treatments with distilled water and with solutions of NaCl, Na,S0,, Na,CO,
and NaHSO,. The treatments were also combined with freezing or drying.
All operations were repeated several times until considerable changes in the
crystal lattices of the samples could be detected. For the sake of brevity in
this paper only those thermograms and X-ray diffraction lines are given,
which show the most characteristic changes observed in the course of treatment
of a series of the similar samples.

Composition of the untreated samples:

1. Kaolinite. The DTA curve (Fig. 1., thermogram 1.) as well as the X-ray
diffraction pattern indicates a typical specimen of kaolinite. Most characte-
ristical are the lines $.53, 3.32, 2.55, 2.47, 2.32, 1.47 A etec.
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2. lllite. The DTA curve (Fig. 2., thermogram 1.) and X-ray lines
(4.47, 3.33, 2.69, 1.49 A etc.) are characteristic of illite.

3. Montmorillonite. The DTA curve (Fig. 3., thermogram 1.) and the X-ray
diffraction pattern 15.47, 4.47, 4.02, 2.57, 2.24 A etc. indicate a typical mont-
morillonite specimen.

4. The composition of the soil clay fraction was as follows: On the DTA
curve (Fig. 4., thermogram 1.) endothermic peaks between 100 and 200 °C,
and about 600 °C, as well as the weak endothermic and exothermic effects
beyond 900 °C, show the presence of illite and montmorillonite: the endo-
thermic effect between 300 and 400 °C indicates sesquioxides. On the basis
of the X-ray diffraction pattern (Table 1.) the sample contained illite and
muscovite, but less quartz and montmorillonite. There were little sesquioxides
in the sample.

Table 1.
Clay fraction of a strongly solonized meadow soil; A horizon, 0—35 cm.
Untreated
bkl 2 hkl ; hil -
|
5.30 very faint 2.360 | medium strong 1.480 | medium strong
4.49 faint. 2.260 | very faint 1.440 | very faint
3.66 | faint 2110 | medium strong 1.383 | medium
3.46 | very faint 1.986 | medium strong 1.287 | faint
3.31 strong 1.870 very faint 1.280 very faint
3.17 very faint 1.802 medium strong 1.220 | very faint
2,96 very faint 1.688 medium faint 1191 faint
2,82 faint L1647 faint 1.175 faint
2.55 strong 1.528 | medium strong L.106 | very faint
2.43 medium strong
Treatments:

1. Distilled water. The samples were soaked in distilled water at room
temperature for 1 week, then dried for 24 h at 105 °C. This cycle was repeated
10 times, following which a subsample was taken and analysed. Only the
soil clay fraction indicated some loosening of the crystal structure after 10
treatment cycles (thermogram 4/2.), while the clay minerals were not affected
(thermograms 1/2., 2/2. and 3/2.).

2. 10 per cent salt solutions. The samples were soaked for 1 weak in solu-
tions of NaCl, Na,SO, and Na,CO,, respectively. They were then dried by
infrared irradiation and subjected to DTA and X-ray analyses. The X-ray
diagrams and the DTA results showed no changes in the three clay minerals
(thermograms 1/3., 2/3. and 3/3.), but a slight loosening of the crystal lattice
was noticed with the soil clay fraction (thermogram 4/3.).

3. Treatment with 10 per cent salt solutions in combination with freezing
and drying. After treating with the salt solutions mentioned above the samples
were further treated in three different ways, viz.:

a) Drying. After soaking in the respective salt solution for a week at
room temperature, the samples were dried for 24 h at 105 °C. These treatment.
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cycles were repeated from 1 to 10 times. After every cycle subsamples were
taken and analysed.

b) Freezing. After soaking as above the samples were kept at —5 °C
for 24 h and then handled in the same way as after drying.

c) Alternate drying and freezing. After every two cycles subsamples were
taken and examined.

A) Treatment with 10 per cent solution of NaCl. Only data obtained after
5 freezing and 5 drying cycles are given. With the three clay minerals neither
X-ray diffraction nor DTA results (thermograms 1/4., 2/4. and 3/4.) showed
any substantial change in the erystal structure. A slight loosening of the lattice
was noticed in the case of the soil clay fraction (thermogram 4/4.).

B) Treatment with 10 per cent solution of Na,SO,. Only data obtained
with 5 drying and 5 freezing cycles are given. Among the clay minerals the
X-ray diagram of kaolinite showed no change but a slight loosening of the
lattice was observed on the thermogram 1/5.). With illite and montmorillonite,
however, the X-ray diagrams displayed a substantial effect on the crystal
lattice. Instead of 15 lines with untreated substances only 8 were detected
after the treatment, and in addition blackening of the background strongly
increased. Also changes in the thermograms indicated loosening of the struc-
ture, especially at the exothermic and endothermie peaks (fthermograms
2/5. and 3/5.).

Considerably greater changes were noticed on treatment of the soil
clay fraction with Na,SO,. Comparing the thermogram of the treated (4/5.),
with that of the untreated (4/1.)sample a striking increase in the endothermic
effect between 300 and 400 °C, characteristic of sesquioxides and a considerable
decrease in the endothermic effect at 600 °C, characteristic of illite, could
be observed. In contrast to the untreated sample the X-ray diffraction pattern
indicated the presence of a newly-formed micro-mineral hydrargillite (lines
at 1.98, 1.81, 1.74 and 1.64 A). At the same time number and intensity of
lines peltanunﬂ to illite and muscovite decreased. Thus, decreases in the
amounts of muscovite and illite and the appearance of hydrargillite in the
sample could be demonstrated unequivocally.

C) Treatment with 10 per cent Na,C'O; solution. In this paper data given
were obtained with

) 10 freezings,
6) 10 dryings and

¢) 5 and 5 alternating freezing and drying cycles. In the case of kaolinite
only the DTA curve showed some loosening of the crystal lattice (thermograms
1/6., 1/7. and 1/8.). With illite and montmorillonite the blackening on the
X-ray diagram and the reduction in line numbers from 15 to 8 showed the
strong deerease in the degree of crystallization. With the latter two minerals
the thermograms by changes at the peaks, proved loosening of structure
(2/6., 2/7., 2/8., 3/6., 3/7. and 3/8.). The soil clay fraction displayed, in compa-
rison with the clav minerals as well ag with itself after Na,S0, treatments,
similar but considerably more distinet changes. After 10 freenngs there was
a flat endothermic peak on the DTA curve (thermogram 4/6.) at 300 °C,
indicating an increase in the amount of poorly ecrystallized hydrated iron
oxide. The flattening of the endothermic peak about 600 °C proved the loosen
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ing of the crystal lattice of illite. The double endothermic peaks between 300
and 400 °C, obtained with 10 dryings as well as with 5 to 5 alternating dryings
and freezings (thermograms 4/7. and 4/8.) prove the presence of poorly crystal-
ized goethite and the presence of hydrargillite. On examining the correlation
of effects observed between 300 and 400 °C and the endothermic peak of illite
at 600 °C it was found that after treatment

a) the endothermic peak of illite was flattened when the effect at 300 °C
appeared (4/6.); while it almost completely disappeared after treatments

b) and ¢) when the double peak between 300 and 400 °C became visible
(thermograms 4/7. and 4/8.). Thus, the DTA curve proved that illite decreased,
hydrated iron oxides increased and hydrargillite appeared in the sample.
The X-ray diffraction pattern showed subsequently for three treatment types
a decrease in number and intensity of muscovite and illite lines (e.g. the 2.43
and 1.23 A lines). At the same time the intensity of lines due to hydrated iron
oxide (e.g. 2.25 A) increased with all three treatment types. Treatments b)
and ¢) induced the appearance of lines characteristic to hydrargillite (e.g. 1.89,
1.81, 1.74 and 1.70 A). The relative amounts of illite and of muscovite thus
deereased, while that of hydrated iron oxide increased in the sample under
the effect of soda. After treatments ) and ¢) the formation of hydrargillite
was also ascertained.

D) Treatment with 10 per cent solution of NaHS0O,. Data obtained with
5 drying and 5 freezing cycles are given. In consequence of the strong reducing
effect of NaHSO, the DTA curves became almost completely flattened with all
four samples, indicating the destruction of the crystal lattices (thermograms
1/9., 2/9., 3/9. and 4/9.). These statements were supported by the X-ray
diffraction patterns showing the disappearance of numerous characteristic
lines and an increase in basal blackening. Thus, the reducing agent exerted
the most intensive influence observed on the samples.

Summary

The effects of water and solutions of NaCl, Na,S0,, Na,C0, and NaHSO, on kaoli-
nite, illite, montmorillonite and the clay fraction from the A horizon of a strongly solo-
nized meadow soil were studied. The action of the solvents was combined with that of
freezing and drying, all treatments being repeated several times.

The following results were obtained :

1. Comparing the effects on the crystal lattice exerted by distilled water and by
salts such as Na,CO,, Na,50, and NaCl, it was found that Na,CO, had the greatest,
N80, a somewhat less vigorous, and NaCl and distilled water the weakest effect on
the erystal lattices.

2. The most drastic effect was exerted by the reducing agent NaHS0,, which
caused complete destruction of crystals with all four samples.

3. It is striking that, while 10 per cent solutions of soda and of sodium sulphate
per se did not greatly affect the structure of crystal lattices, the same treatments com-
bined with drying andfor freezing, especially when repeated several times, partially
destroyed the micro-crystals, Thus it may be assumed that the dispersing action of sodium
salts is inereased by oxidation-reduction processes. This experience lends, from a miero-
mincralogical point of view, strong support to the statement by *SiamonD, that the perio-
dieal alternation of excess moisture and drying out is a precondition of soil alkalization,

4. Of the minerals studied kaolinite was most stable, illite and montmorillonite
were less stable, and the clay fraction of the soil was most subject to change. Tt is to
be noted that the clay minerals in Hungarian solonetzic soils are mainly illite and mont-
morillonite, The stability of the clay fraction suggests that microminerals in soils generally
decompose more readily than clay minerals in unaltered rocks.
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5. The treatment of soil colloids with 10 per cent solutions of sodium sulphate
or godium carbonate lead in the case of all three trcatment types (viz. 10 freezings,
10 dryings and 5 drvings-5 freezings, respectively) to a substantial decomposition of 1lltte
and muscovile, while the sesquioxide content of the samples increased markedly. This process
was more intense with soda than with sodium sulphate. Thus, it may be assumed that,
migrating sesquioxides come, partly at least, from decomposing micro-minerals.

6. Inthecourse of the abovetreatmentswith all siv of them a new clay mineral appear-
ed, which was not present in the original sample. This was hydrargilitte. This mineral
probably originated from amorphous aluminium oxide present in the clay fraction.

7. It may be ascertained in vitro that among conditions similar to those of alkali
soil formation (periodic exeess of moisture alternating with drying out, temperature
changes characteristic to arid climates, accumulation of soda and of sodium sulphate
in the soil solution) the following micromineralogical processes take place:

muscovite  Nuo,CO, muscovite, illite
illite Na,R0, decreasing + products
e — —— of clay mineral destruction
oxidation-reduction (amorphous, hydrated
processes oxides of Fe and Al)
]
E eryvstallization

goethite 4 hydrargillite

Thus, it is proposed that the decomposition of clay minerals in alkaline medium
is followed by formation of new microminerals, when soil alkalization processes oceur
In nature.

BnusHMe COABI M APYTMX COJell HATPHA HA [JIMHHCTBIE MUHEpANbl
H KOJNJOMAHYI0 (paKuui0 NMOYBLI

JA. TEPEHM

Focypapersenneiii Mucriryt 1o Kowrpomo sa Hauecrsom Tlous 11 ¢, x. Tlpogywuwn, Byganewr

Peszwme

B wrofi padoTe asrop 3aHUMACTCH H3YUCHHCM MHKPUMHHEDAJIOTNHYECKIX NDOLECCOB,
II])()HCX(L’LSI[I],HX 1101 B.IHSTHEEM COAbI H ilpyI'I/IX }{aTDHCBHX coteft lei Oﬂpaa{mamm 34C0JCH-
HBLIX OB,

HAOIMHNT, MIHT, MONTMOPIULTOHHT H KOJIOHIHAR (PAKIHS CHILHO COJOHLCBATOI
JAyroBoit 10uBLl 0GpalaTHBANNCh AHCTIIUINPORAHHOM Bojoll 1 pacrtsopamu NaCl, Na,SO,,
Na,C0,, NaHS0,. O0padoTxu pacTnopamMi KOMOHAHPOBANN C BLICYUIBAHHEM H 3aMOPANH-
paHHeMm, uTo [OBTOPSLIOCh HECKOJBKO pas.

B pesyibTaTe HCCNEIOBAHMA NPHMILIH K CAEIYIOLUUIM BLIBOIAM:

1. CpaBHuBasi BausiHie 00palOTOK € PACTBOPAMM, BCTPEUAIDUIMXCS B II0uBe cojiel
Na,CO,, Na,S0,, NaCl i jucTiiHporadHol Bool YeTaHOBHIIH, 4TO IIPH OAHHAKOBLIX 11po-
UIX VCIOBHSX CaMoe G0JIbLIOe BUIIHHNE HA CTPYTVPY KPICTAUIHUECKOT DeleTicn 0KashiBaeT
Na,CO,, caadee Bausier Na,S0, H camoe HesHaulTebHOE BIHSHNE oxkaspBawnT NaCl u auerin-
JnipoBaniasl Boa.

2. Camuifl Bulcoxmil 9ppert HadmwoIancs npu 00padoTKe PEAVIHPYIONIHM PACTBOPOM
NaHS80,, 1 pesynbTare 4ero 1o BCeX ueTLPeX 00pasnax MPOHIOULI0 [0JIHOC PA3PYILCHIE
KPHCTA1I0B,

3. Ilpn obpaborke 10%; pacTBOpPOM €OIBl HIH Cyiab(aTa HATPHS CVIIECTBEHHBIX H3Mme-
HEHIT B CTPYKTYPE KPHCTA/LIHUCCKOH peweTxil He HalIo1anoch, B TO ¥Ke Bpems 06padorka
COJICBLIMH [)EICTBOI')ELMH TEX ke I\’OHIIQH’I‘D?I]IHi‘l, HO 1IpH BLICYILIHBAHHI H 3aMOPa>KHBaHHH 00-
PASIOB, MOBTOPEHHLIX HECKONLKO PA3, NPHBOIHT K YACTHUHOMY PAa3pVIICHHIO MHKPOKPHICTA-
J10B. 9ToT (QAKT MO3BOISIET IAKJIKUUTL, 4T0 JAMCMEPrHPYIOILEE BANAHIIC HATPHEBLIX coliel

14
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TIPOSIBJIAETCS. COBMECTHO € BOCCTAHOBMTENLILIMH nIporeccamt. STOT OMbIT ¢ MHKDOMMHEPALO-
THYCCKOH TOUKH 3PeHHsA MOATBEPHIACT BHCKABLIDAHIST 3HIMOHAA 0 TOM, UTo Cpean mpeano-
CBLIOK, BLILIGAILIHX BACONCHHE LIOUB, ICPHOAITYECKOE NEPeYRIAKHCHIE I BLICHIXaHUE HIPAIOT
3HAYHTELHYIO POJIb.

4. TIpu pasjnudelx 00padoTkax HAHOOJIee CTADMABHLIM 0KASAJICS KAOTUHHT, MCHEC
CTAOMILHBIMH HIIJIHT U MOHTMOPHAJTOHNT HA1Gonee HaMeHuHnofi ObiNia KOJUIQHIHAsT q)pa[{upm
10uBLL HeolX0QMo 0TMETHTB, UTO B CO0HIAX. BeHrpUH cpefil MINHHCTHIX MHHepanoB BeTpe-
HAIOTCS ITHT M MOHTMOPHILTORNT. CHOCOOHOCTL K PaspylieHio KONAomHOol (paKuHu npu-
BOAHT ¥ TOMY, 9T0 MHKRPOMHHEPAJILT TIOUBL B01CE TIOBEDIKEHE PASPYILIEHI0, UeM MHICDOMHHC-
pabl, INOHCXOFIIIHE M3 YHCTLIX TOPHBIX ITOPOL.

5. Olpaborra 104BeHHLIX K0IU10u/10B 109 pactrRopamit cynbdara u KapOoHarTa HaTpHs,
BO BCEX TPEX BAPHAHTAX 00PATOTI (ACCATHKPATHOE 3aMOPAYKUBAHNE, ECSTHKPATHOE BBICYLIH-
BaHHE M 5-KPATHOE BHICYLIHBAHUE -3aMOPAKUBAHHE) TIPUBOAHT K PASPYIICHHIO (ONbLIeH 4acTH,
HAXOUIUMXCA B 00pasuax, MIUIHTA H MYCKOBHTA M YBeNHUCHHUID COACPHKAHUS NOAYTOPHBIX
OKUCI0B. B 9ToM npouecce coja Wrpaer GoNiee 3HAUHTENBHYIO POJDb, Uem cynpihar HaTpHsl.
ITH (AKTLL TOBOPST O TOM, UTG MOMBMKIILIE [TONYTOPHHE OKICIL [0JIy4aloTesI TVIABHBIM 00-
PasoM B pesyabTaTe pacraja MHKPOMHHEpPAIOR,

6. B pesyinTaTe BHULICYIOMAHYTHX 00pafoTor (BCe ILECTh BAPHAHTOB) 0THADYHHITH
MHKPOMHHEDQT THADAPTHILIIT, KOTOPOTO He ORILIIO B HCXONHOM 0Gpasue, ITo Beeil BeposTHOCTH
MHEDOKPHCTANAL IHAPAPTHILIHTA BOSHUKAKT 113 OKHCH AMIOMIHMS, HANOIAEICS B KO0
Hofl ppakiH.

7. OOBITH TTOKA3ANH, YTO NIPH 00PA30BAMME 3aCONCHHDLIX 110YE B OAHUX H TEX ¥Ke ycaio-
BIsIX (DEPHOMUECKOT lIEPEYBIAXKHeHHE, CMEHSTIONIeecsT BLICKIXAHIEN, H3MEHCHIIE Temneparyp,
XADAKTEPHOE UL APHIHKLIX YCII0BHI, YBCIHUEHME KOIMYECTBA COAM H CYIL(pATA HATPHS B
TMOUBEHHOM PACTBOPE) MPOTCKAIOT CIEAYIOUIME MIKPOMUHEPALOTHUECKHE TIPOLECCH:

MYCKOBHT, HIJIT

MYCKOBHT Na,CO, B Hefonbmnx KoaHuecTnax -
HILINT Na,S0, TIHUHUCTLIC MITHEPAJILT
e — IIPOAYKTL pacnajia
BOCCTAHNBHTEBHLIE (rapookuct avopdHoro skenesa
NPOIECCDI H AJIOMITHIS)

|
[ KPHCTAJLTUSALLHST

TCTUT
THAPAPIHLAIT

Tarim 00Pa30M MOMHO CRa3aTh, YT0 paspylUcHIe MHKDOMITHEPANIOB B 1@/ I0UH0I epete 1 00-
PABOBANIEC HOBHIX MHKPOKPHCTAIOB, TIPOUEILINX aMopfiliyio CTa;une, sipasercst o0l s
CYIICCTBCHHLIX. CTOPOH 0OPASOBAHIST 3ACOACHHLIX TI0UB B 0pHPO.Ie,



